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Spectrographs for Field Decﬁ:ag Work - Final Report -

Gray, C. 4. G. ‘i
Bell Telephone Labs,, Inc., New York, N, Y.
GSRD, NDRC, Div. 13, Washington, D. C.

OSRD-3824
English ™~ § photos

[ W AL S
e

'.i‘he development and princfple of operation of the sound spectrograph for field decoding work

'are ouflined. The sound spectrograph is a device which autematically analyzes the distribution

of energy in 2 sample of complex wave as a function of both frequency and time. The resultant
spectrogram plots frequency along the vertical axis and time along the horizontal axis, and

indicates amplitude by the density or blackness of the spectrogram patierns. Such three-dimensional
analyses are particularly useful in prmriding ‘visual interpretation of complex phenomena which

vary from moment to moment. The weight.. and over-ali dimensions of each unit of the sound
spectrograph are given.

Copies of this report obtainable from CADO.
Electronics (3)
Communications (1) 5 Spectrographs, Sound (87778)
) 0
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PROJECT 13.3-86
I
SPECTROGRAPHS FOR FIELD DECODING WORK ' 1
-

“THIS DOCUMENT CONTAINS INFORMATION AFFECT- ; , :
NG THE NATIONAL DEFENSE OF THE UNITED STATES VY
WITHIN THE MEANING OF THE ESPIONAGE AcT, ‘ WO
U.S.C. 50:31 AnD 32, ITS TRANSMISSION OR THE g 11[
REVELATION OF ITS CONTENTS IN ANY MANNER TO Ee
AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.” 3

0.5.R.D. NO. SECTION NO. COPY NO._3 2 pareMay 30, 1944

BELL TELEPHONE LABORATORILS, INCORPORAT.FLD
NEW YORK, N. Y

CONFIDENTIAL




et ey S

“r\ ER )‘ N “ e i {f_),‘_
! - CI = * _fvi'-—, -
) LOXFILENTIAL N
i “j
_
‘ CO:LIUNICATIONS DIVISION : g Ki
3 ) NATIONAL LEFZNSE RESEARCH COCMUIITTEE : \?wg?
- VoS
- OF THE B
? OFFICE OF SCIENTIFIC RESEARCH ANL DEVELOPKENT L w3
FINAL REPORT : o
) PROJECT 13.3-86
+*SPTCCTROGRAPHS FOR FIZELL DECOLING WORK™ Y 3
. _ . AT
. o %44
. ” %f{
Report Prepared By; C. H. G. GRAY : %\X -
Transmission Standards Eagineer V! ;4-\w
Bell Telephone Laboratories, Inc, Qég%é
. 463 Vest Street . v
& New York 14, Kew York i AT
.\ ’,,""' ‘,{j i 9\,
"‘\\,__ S S PR R 2 k
Date of Preparation: MAY 30, 1944 R
. Contract No. OElisr-1110 !
Expiration Date of Contract: LAY 31, 1944
e ’ {/’
Contractor: Western Zlectric Co., Inc. ’
;5 120 Broadway
New York, New York
e Serial No. 32

CONFILENTIAL




CONFIDENTIAL

CO.L.UNICATIONS DIVISION

[c3}

NATIONAL DEFTNCT REZSTARCH CO.7 TTTE:
OF THE ‘
OFFICE OF SCILITIFIC RESEARCH AND LOVELOP.IENT
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SULiARY

At a meeting of the Section on Speech Secrecy (13.3)
on February 15, 19243, it was reco.mended that the Sound Spec-
trograph, which had been used in Projects C-32 and C-43 for
decoding speech codes, be re~designed for field use and in-
cluded in field decoding kits at radic intercept stations.
Subsequently it was decided to construct eight Sound Spectro-
graphs; three for the U. 8. Army (SC-28), three for the U. S,
Navy (BuShips) and twe for the British (Lend-Lease Requisition
No. 17855, Prod. 288), Two copies of Operating and Maintenance
Instructions were to be supplied with each Sound Spectrograph
and one copy for the N.L.R.C, Files.

Eight D-165529 Sound Spectrographs have been con-
structed and delivered together with the required Operating -
and llaintenance Instructions to the organizations noted above.
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CO'RMUNICATIONS DIVISION

NATIONAL DIFENST RESTARCH COILIITTEE

FINAL REPORT - PROJECT 13.5-86 :
"SPECTROGRAPHS FOR FIELD DECODING VORK"

May 30, 1944

This report covers work carried out fcor the National
Defense Research Committee under Contract No, OEiisr-~1110 with
the Western Electric Company, Ince, by the Bsll Telephons
Laboratories, Inc.

The Sound Specirograph was first applied to the prob-
lem of decoding speech codes on N.D.R.C, Project ¢~32 and was
continued on this work under Project C~43. Experience gained
with three laboratory models of the Sound Spectrograph resulted
in the recommendation, at a meeting of Section 13.3 of N,L.R.C.
on February 15, 1943, that this device be re-designed for field
use and included in field decoding kits at radio intercept
stations. The military personnel present at the above meeting
indicated that they were interested in obtaining six Sound
Spectrographs for decoding worky three for the Army (SC-28)
and three for the Navy (BuShips)., Subsequently the number of
Sound Spectrographs to be furnished under this project was in-
creased from six to eight. The additional twe Sound Spectro-~
graphs were allotted to the British on Lend-Tease Requisition
No, 178955, Prod, 288,

The Sound Spectrograph is a device which automatically
analyzes the distribution of energy in a sample of a complex
wave as a function of both freguency and time. The result,
displayed in graphic form, is called a spectrogram, Frequency
is portrayed along the vertical axis, time along the horizontal
axis and intensity or amplitude by the density or blackness of
the spectrogram pattern. Such three-dimensional analyses are
particularly useful in providing visual interpretation of com~-
plex phenomena which vary from moment to moment,

The operation of the Sound Spectro.raph is basically
simple. A sample of speech or cther complex wave is recorded
on a loop of magnetic tape and then reproduced repeatedly. The
source of the sample may be the output of a microphone, phono-
graph pizkup, radio receiver, etc, Each reproduction is scanned

CONFIDLNTIAL
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! with a narrow band pess filter which is effectively shifted
K slightly in -'requency with each repetition. Either of two

, scanning filbters may be selected, oiie for a 45-cvcle and the
) other for a 300-cycle band analysis. The output of the scan- .
; - ing filter isg recorded continuously on dry facsimile paper T
: wrapped around a drum rotating in synchronism with ‘the mag- hi:?‘
i netic tape, The recording stylus is shifted gradually along SN
the frequency scale, at the rate of 96 lines per inch, in step A
B with the filter. As the cutput of the filter fluctuates, the = s
b mark on the paper is made correspondingly lighter or darker,
-} so that regions where the energy is greatest show black areas S

on the record and regions of no energy show the original light -
colored surface of the paper. :

P

2 . The spectrograms (Photograph 122605) are slightly -
over 12 inches long which normally represents 2.4 seconds, A
3\

making the time scale about 200 milliseconds to the inch.

¥ They are normally 2 inches high, covering 3500 cycles, making
i the frequency scale about 1/16 inch per 100 cycles, If de-

3 sired, however, the spectrograms can be made to co.'er a fre-
a4 quency range of about 11 kc, in which case the sample will be
only 0.8 second long instead of 2.4 seconds. About 2-1/2 i
minutes are required to produce such spectrograms. In either
case the frequency dimension can be expanded to 4 inches in- ,
stead of 2 inches. About 5 minutes are required to produce s

such spectrograas.,

E .
Tight D-165029 Sound Spectrographs were constructed b;;;%
under this project. Vhile basically the same as che earlier 3 S
laboratory models, EEEHLJ&EEEXE§S§§§ have been incorporated
as a result of a consideravleé amouUnt Of research and develop-
ment work, Thé units Have been designed to be rugged and
portable so that they may be used in the field. Each Sound
Spectrograph consists of three units: a Recorder, an Ampli-
fier-~Analyzer and a Rectifier. These are shown on a table
(not furnished) in Photograph 120238, Tach unit is housed in
a sheet steel case to provide protection and shock mounting
during shipment and operation. The Amplifier-Analyzer and
Rectifier units may be used in their steel cases or the cases
may be removed and the units mounted on a relay rack. The
Recorder unit is designed for use on a bench or table. In
addition & spare parts box and spare parts have been provided
with each Sound Spectrograph,

PO

hitgd

o ae o 4ed

.
vt

The power supply normally required is about 300 watts
at 60 cycles 115 volts. Certain units have been designed to
nperate from a 50 cycle 115 volt source and are so marked.
Operation from a 230 volt source requires an external trans-

former.

CONFIDENTIAL
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N The weights and overall dimensions cf each ynit of the -
E D~165529 Sound Spectrograph ready for packing are giyen below:

] Unit Welght Dimensions (Idches)
. Recorder* 68 1bs, 17-1/3 x 16-1/2 x 13-3/4 L

¥ Amplifier Analyzer 64 1lbs. 20-1/4 x 11-1/4 x 1a.1/4 .
) Rectifier 56 lbs. 20-1/4 x 11-1/4 x 10-3/4 g,

; *NOTE The superstructure when assembled on the Recorder R
E — increases the height from 11-3/4" to 21-3/4n ang e
5 increases the weight to approximately 84 lyg. -
3 ‘

The Operating and ifaintenance Instructiony covering the <
D-165529 Sound Spectrograph describe in detail the Yarjous parts 2
nf the Sound Spectrogcraph, give directions for assempl ing the R
units, details of operation, routine maintenance, Sphgcial main- &
tenance, and preparation for shipment. Circult and gehematic < ,
5 drawings, photographs of the equipment in various stages of as- o .

% sembly, and tables, listing spare parts, suppliers ypd other in- .
3 formation are a part of the Operating and ilaintenange Tpnstruc- A
tions. S

As directed by the Technical Aide of Divigjion 13 gﬂ ,
(Cr. A. T. .urray) the eight D-165529 Sound Spectrographs con- o
structed under this project were delivered as folloys: SRS

To: Nuwnber Date

U.3. Navy (Camdr. H.T. Engstrem) One January 3, 1944
U.S. Navy (Comdr. d.T. Engstrom) One iflarch Lq,’lg44
U.S. Signal Corps (Lt. D.F. Hoth) Three April 231, 1944
U.S. Navy (Comdr. H.T. Engstrom) One April o5, 1944
British Miinistry of Supply .dission

(Mr. V. B. Redman) Two Uay 10, 1944

Two copies of the Operating and Ilaintenance Instructions for the

T-165529 Sound Spectrograph have been furnished for ggch of the

b above units and one copy of these Instructions has ween sent to
- Drs A. F. Murray for the N.T.R.C. files as required py the con-

tract.
Report Prepared by:
‘ C. 3. G. GRAY
.- : Transmission Standards mpgineer
Attached: Bell Telephone Laboratyyries, Inc.
Photographs Nos., 463 Y'est Street
120238 New York 14, New York
122605 a
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